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INHIBITED ALKYLENE GLYCOL COOLANT 
AND COOLING PROCESS 



This invention relates to corrosion inhibited 
alkylene glycol compositions useful as coolants for the 
heat-exchange system of an internal combustion engine 
^ and to the process of using same to cool such an 
engine . 

Presently, antifreeze compositions containing 
1Q alcohols, especially ethylene glycol, are commonly 
mixed with equal or larger volumes of water in the 
cooling systems of internal combustion engines in order 
to depress the freezing point of the water. Such alco- 
hols, in combination with the water in the cooling sys- 
15 terns, produces acidic products which contribute to the 
corrosion of metal surfaces that contact the cooling 
system. Thus the uninhibited antifreeze compositions 
promote corrosion of brass, copper, solder, steel, cast 
iron and in more recent engines, aluminum and magne- 

20 

sium. 

In the past a large number of corrosion inhib- 
itors and combinations thereof have been employed in 
such aqueous-base antifreeze compositions. Such 
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inhibitors have included the alkali metal chromates, 
nitrates, phosphates, borates, tungstates, molybdates, 
carbonates and silicates and alkaline earth metal bor- 
ates* Inhibitors have also included organic compounds 
such as carboxylic acids, thiocyanates, phenols, mer- 
captans, mercaptothiazoles and various aromatic tri- 
azoles. Many of such inhibitors, such as the 
silicates, deplete quickly and are no longer available 
for continued metal protection. Others, such as 
nitrites, which function well as inhibitors against the 
corrosion of iron or steel actually promote the 
corrosion of aluminum or magnesium. 

Recently in an attempt to develop an improved 
cooling system from the standpoint of fuel efficiency 
and cooling efficiency, a cooling process was developed 
which employed a coolant containing little or no water. 
U.S. Patents 4,550,694 and 4,630,572. The primary 
means by which this system achieves the improvement in 
engine efficiency is to run the engine at higher than 
normal engine temperatures. Such higher temperatures 
often degrade many of the corrosion inhibitors such as 
the silicates at an even faster rate. Also, it has 
been found that uninhibited glycols used as anhydrous 
coolants are corrosive to typical cooling system 
components . 

Therefore it is highly desirable to provide an 
30 inhibited coolant composition which is capable of func- 
tioning at temperatures in excess of 105°C, but which 
will not corrode the metal which is commonly used in 
the cooling systems of internal combustion engines. 



15 
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The present invention is such a composition 
which comprises (1) at least 90 weight percent of an 
alkylene glycol or a mixture of two or more alkylene 
glycols and (2) a corrosion-inhibiting amount of an 
inhibitor comprising (a) from 0.02 to H weight parts of 

5 an azole, (b) from 0.05 to 3 weight parts of a 

molybdate salt and (c) from 0 to 3 weight parts of 
phosphoric acid. It also is a process of cooling an 
internal combustion engine by circulating said 

1Q composition, as coolant, through the cooling jacket of 
said engine. 

By employing (1) alkylene glycol as at least 90 
weight percent of the coolant and (2) the 
aforementioned combination of corrosion inhibitors, 
metals such as aluminum and magnesium can be used in 
components, e.g., radiator, coolant pump, engine block, 
cylinder head, of the cooling system. The coolant 
composition can be employed in engines operating at 
20 temperatures higher than normal without degrading. As 
a result the engines are more fuel efficient and 
produce combustion products that are less offensive to 
the environment than those operating at conventional 
temperatures of less than 100°C. 

25 

While the coolant compositions of this inven- 
tion are particularly suitable for use in a process for 
cooling in internal combustion engines, they are also 
2 0 usefully employed in other applications such as heat- 
-transfer fluids or hydraulic fluids. 

Alkylene glycols suitably employed as the 
coolant in the compositions of this invention are those 
dihydric alcohols which are liquid at temperatures in 
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the range of -65°C to -30°C and which boil at 
atmospheric pressure at temperatures in the range from 
150°C to 230°C. Examples of such glycols include 
ethylene glycol, propylene glycol, glycerol and 
mixtures of two or more thereof in any proportion. 

^ Preferred glycols are ethylene glycol, propylene glycol 
and mixtures thereof. More preferably, the alkylene 
glycol is propylene glycol or a mixture of at least 30 
weight percent of propylene glycol and from 0.1 to 70 

10 weight percent of ethylene glycol. Ose of propylene 
glycol is most preferred. 

The corrosion inhibitor combination employed in 
the coolant composition suitably comprises and 
15 preferably consists essentially of (a) from 0.06 to 0.5 
weight parts of the azole, (b) from 0.1 to 0.2 weight 
parts of the molybdate salt and (c) from 0.05 to 0.09 
weight parts of phosphoric acid. 

A suitable corrosion - inhibiting amount of the 
inhibitor combination may be determined empirically by 
use of standard corrosion tests with samples of varied 
quantities of the inhibitor combination. Since some 
users may ascribe greater importance to one test than 
another, the significance of corrosion testing is 
relative and not absolute. However, the ASTM test 
methods described in the working examples are commonly 
employed . 

Typically, in the total coolant composition, 
from 0.05 to 2 weight percent of the inhibitor 
combination is suitable and preferably from 0.1, more 
preferably 0.25 up to 1, more preferably 0.75 weight 
percent of the inhibitor combination is employed. 
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The azole which is used in the practice of this 
invention is any azole which is soluble in the alkylene 
glycol and which is a corrosion inhibitor for copper 
and brass. The azole is preferably a triazole such as 
tolyltriazole, benzotriazole and mixtures of two or 
more thereof. Tolyltriazole is most preferred. Other 
azoles which are suitable but less preferred than the 
aforementioned triazoles include thiazoles such as 
mercaptobenzothiazole, and alkali metal salts of such 
azoles . 

Molybdate salts employed in the inhibitor 
combination are those which are soluble in the alkylene 
glycol and which are corrosion inhibitors for steel and 
cast iron. Such salts include the molybdates of the 
alkali metals and alkaline earth metals. Examples of 
preferred molybdates are sodium molybdate, ammonium 
molybdate, potassium molybdate and mixtures of two or 
more thereof. Sodium molybdate is most preferred. 

The phosphoric acid is employed to maintain the 
pH of the coolant composition in the range from 7 to 9, 
preferably from 7 to 8, and only if necessary. Some 
alkylene glycol mixtures are within the pH limits, and 
in such cases no pH adjustment is required. 

The coolant composition of this invention is 
prepared by first dissolving up to 10 weight percent of 
30 water in the alkylene glycol. Preferably less than 
about 5 weight percent and more preferably about 3 
percent of water is dissolved in propylene glycol. 
Most preferably the alkylene glycol is used with 
essentially no water, i.e., less than about 1 weight 
percent. Subsequently, the corrosion inhibitor 
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re- 
combination is dissolved into the alkylene glycol 
composition. Preferably, the resulting coolant 
composition is then rendered basic by adding sodium or 
potassium hydroxide until a pH of from 7 to 9 is 
reached, or phosphoric acid is added if the initial pH 
value of the alkylene glycol base fluid is too 
alkaline. Optionally other ingredients such as dyes 
and ant i foaming agents, e.g., those disclosed in 
U.S. Patents 3,340,309; 3,504,041; 3*770,701 and 
2,425,755, can be added to the composition. While 
anti-foam additives are not required, they may never- 
theless be employed. 

The process of cooling an internal combustion 
engine is carried out by circulating the coolant 
composition of the invention through the cooling jacket 
of the engine. The invention composition is designed 
to be used "as is", i.e. a full fill coolant, in 
cooling equipment such as described in U.S. Patent 
4,550,690 previously mentioned, at ambient pressures, 
e.g. atmospheric pressure, yet to avoid corrosive 
effects on the metal components of such cooling 
equipment by use of the carefully chosen corrosion 
inhibitor combination. 

The cooling process is preferably carried out 
at a coolant operating temperature range of 105°C to 
150°C, temperatures previously noted above. More 
preferably the operating temperature range of the 
coolant is above T10°C, most preferably above 120°C and 
more preferably below 140°C, most preferably below 
135°C. 

Preferably the coolant composition contains not 
more than 5 weight percent, more preferably not more 
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than 3 weight percent and most preferably not more than 
1 weight percent water. 

The preferred composition of the corrosion 
inhibitor package is the same as previously noted above 
5 and most preferably consists essentially of an azole, a 
molybdate salt and optionally the phosphoric acid when 
pH adjustment is desired- The amounts of each 
component to be employed are also noted previously in 
the text. 

10 

The following examples are given to illustrate 
the invention and should not be construed as limiting 
its scope. Unless otherwise indicated, all parts and 
percentages are by weight. 

15 



Examples 1-2 

A coolant concentrate is prepared by dissolving 

20 about 1 part of tolyltr iazole , about 0.6 part of sodium 
molybdate dihydrate and about 0.3 part of an 85 percent 
solution of phosphoric acid in water, in 20 parts of 
propylene glycol containing M parts of water. The 
resulting concentrate is then combined with 370 parts 

25 of propylene glycol to form the coolant composition 

which has a pH (100-ml sample diluted 1:1 in water) in 
the range from 6 to 7. The anhydrous coolant 
composition is then tested for corrosion inhibition. 
The resulting coolant's composition is described in and 

3° the test results are reported in Table I. 

An additional coolant composition (Example No. 
2) is similarly prepared using a mixture of ethylene 
glycol and propylene glycol as the alkylene glycol 
blend. This composition is similarly tested for cor- 
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rosion inhibition. The coolant's composition and the 
results of these tests are also reported in Table I. 

For purposes of comparison, a control coolant 
composition is prepared using propylene glycol (Example 
5 No. C L ) and 30/70 mixture of uninhibited propylene 
glycol and ethylene glycol (Example No. C 2 ) . These 
compositions are also tested and the results of those 
tests are also reported in Table I. 

10 
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As evidenced by the data set forth in Table I, 
the coolant compositions of this invention exhibit good 
corrosion inhibition for both aluminum and magnesium 
when the coolant compositions are exposed to tempera- 
tures in excess of 105°C for periods up to 672 hours. 
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CLAIMS : 

1. A coolant composition comprising (1) at 
least 90 weight percent of an alkylene glycol or a mix- 
ture of two or more alkylene glycols and (2) a corro- 
sion-inhibiting amount of an inhibitor comprising 

(a) from 0.02 to 4 weight parts of an azole, (b) from 
0.05 to 3 weight parts of a molybdate salt and (c) from 
0 to 3 weight parts of phosphoric acid. 

2. The composition of Claim 1 wherein the 
alkylene glycol is propylene glycol or a mixture of at 
least 30 weight percent of propylene glycol and from 
0.1 to 70 weight percent of ethylene glycol. 

3. The composition of Claim 2 wherein the 
composition contains no more than 5 weight percent of 
water . 

4. The composition of Claim 2 wherein the 
composition contains no more than 1 weight percent of 
water . 

5. The composition of Claim 4 wherein the 
alkylene glycol consists solely of propylene glycol. 
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6. The composition of Claim 2 wherein the 
azole is a triazole. 

7. The composition of Claim 6 wherein the 
triazole is tolyltriazole, benzotriazole and mixtures 
thereof . 

8. The composition of Claim 2 or 4 wherein 
the azole is tolyltriazole. 

9. The composition of Claim 6 wherein the 
azole is mercaptobenzothiazole. 

10. The composition of Claim 2 wherein the 
molybdate salt is an alkali metal molybdate. 

11. The composition of Claim 2 or 4 wherein 
the molybdate salt is sodium molybdate. 



12. The composition of Claim 5 wherein are 
20 present (a) tolytriazole, (b) sodium molybdate and (c) 
phosphoric acid in the respective amounts of (a) 0.25, 
(b) 0.15, and (c) .0.075 percent by weight of the 
composition. 

25 13. A process for removing heat generated in 

the operation of an internal combustion engine by 
circulating through the cooling jacket of said engine, 
a coolant which is exposed to approximately the ambient 
pressure of the surrounding environment at a coolant 

30 operating temperature above 105°C, having the 

improvement of employing as said coolant a liquid 
composition having low corrosivity toward the materials 
of construction with which said coolant is in contact, 
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which composition is the coolant composition defined by 
Claim 1 . 

14. The process of Claim 13 wherein the 
alkylene glycol consists essentially of propylene 
glycol or a mixture of at least 30 weight percent 
propylene glycol and from 0.1 to 70 weight percent 
ethylene glycol and the coolant composition contains no 
more than 5 weight percent water. 

15. The process of Claim 14 wherein the 
coolant composition contains no more than 1 weight 
percent water and the alkylene glycol consists solely 
of propylene glycol. 

16. The process of Claim 14 or 15 wherein 

(a) the azole is tolyltriazole 

(b) the molybdate is sodium molybdate. 



17. The process of Claim 14 or 15 wherein 

(a) the azole is tolyltriazole present in 
20 0.25 weight percent, 

(b) the molybdate is sodium molybdate 
present in 0.15 weight percent and 

(c) phosphoric acid is present in 0.075 
weight percent, of the composition 
weight . 

18. The process of Claim 14 or 15 wherein the 
coolant operating temperature is normally in the range 

3Q between 110° and 140°C. 
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